Abstract. In Japan, bevacizumab has not been proven either effective or safe for the treatment of recurrent cervical cancer. The present study reported two cases in which bevacizumab combination chemotherapy was safely administered for recurrent cervical cancer following pelvic radiotherapy. Case 1 was a 62-year-old woman with stage IIIB squamous cell carcinoma of the cervix who had received whole pelvic external beam radiotherapy (WPEBRT) at a dose of 50.4 Gy and high dose rate intra-cavitary brachytherapy at a dose of 24 Gy to the pelvis one year earlier. For recurrent cervical cancer, chemotherapy with paclitaxel, carboplatin and bevacizumab was administered for six cycles. Case 2 was a 52-year-old woman with stage IIB squamous cell carcinoma of the cervix who had received WPEBRT at a dose of 50.4 Gy to the pelvis 11 years earlier. For lymph node and liver metastases, chemotherapy with paclitaxel, cisplatin, and bevacizumab was administered for six cycles. Although grade 2 proteinuria was observed in one of these patients, there were no intestinal perforation, fistula, hypertension, proteinuria or thrombosis events, which are the characteristic adverse reactions associated with bevacizumab. Hematotoxicity was also manageable. Regarding the antitumor effect, case 1 demonstrated a complete response, whereas case 2 resulted in stable disease.
Introduction
Cisplatin has been used as monotherapy or in combination with other drugs as chemotherapy for treating cervical cancer (1, 2) . Chemotherapy with taxanes has been studied in recent years (3, 4) . In the GOG204 study, which was a randomized controlled study involving 435 patients with stage-IVB or recurrent carcinoma of the uterine cervix, including 54 with adenocarcinoma and 36 with adenosquamous carcinoma, vinorelbine+cisplatin therapy, gemcitabine+cisplatin therapy, and topotecan+cisplatin therapy failed to show a therapeutic effect superior to that of paclitaxel+cisplatin therapy (5) . Therefore, at present, combination chemotherapy with taxane plus a platinum agent is generally considered to be the most effective regimen for the treatment of cervical cancer. However, there is no established second-line chemotherapy for patients who have recurrent disease after receiving the first-line therapy with taxane plus a platinum agent. Bevacizumab, a recombinant humanized monoclonal antibody that limits angiogenesis by inhibiting vascular endothelial growth factor (VEGF) and the first molecular-target agent introduced in the gynecological field, has been established as a standard therapy for patients with cervical cancer based on the prolongation of PFS shown in previous studies. The Gynecologic Oncology Group (GOG) 240 trial demonstrated that bevacizumab combination chemotherapy improved the prognosis of advanced/recurrent cervical cancer (6) . In Japan, after the tolerability of this chemotherapy regimen was demonstrated in a company-led clinical study on seven patients with advanced/recurrent cervical cancer (JO29569 study) (7), bevacizumab combination chemotherapy was approved for National Health Insurance reimbursement in May 2016. However, tolerability was assessed based on administration of one cycle in the Japanese study. The safety of bevacizumab combination chemotherapy for patients with recurrent cervical cancer after pelvic radiotherapy has still not been proven in Japan. We experienced two cases in which bevacizumab combination chemotherapy was safely administered for six cycles for recurrent cervical cancer after pelvic radiotherapy. These cases are described along with a literature review.
Case reports
Case 1. The patient was a 62-year-old woman with stage IIIB recurrent squamous cell carcinoma (SCC) of the cervix (gravida 3, para 3), with a history of cataract surgery at the age of 59 years and an unremarkable family history. , which resulted in complete remission. She had subsequently been followed up. In May 2016, a recurrent tumor was detected in the uterine cervix, and she was referred to our hospital for treatment. At our department, SCC was detected by cervical biopsy. Magnetic resonance imaging (MRI) revealed a 2-cm recurrent mass in the uterine cervix (Fig. 1A) . Treatment consisted of paclitaxel at 175 mg/m 2 , carboplatin at an area under the curve of 6, and bevacizumab at 15 mg/kg. This regimen was administered every three weeks for six cycles. There was neither treatment delay nor dose modification. On MRI obtained at the end of the sixth cycle, the antitumor effect was determined to be complete response (CR) (Fig. 1B) . Moreover, the serum SCC antigen level decreased from 2.5 ng/ml before treatment initiation to 1.2 ng/ml at the end of the sixth cycle. In addition cytological examination from the uterine cervix showed no evidence of disease. The observed adverse events are shown in Table I . During the two months since the end of treatment, no recurrence has been observed.
Case 2.
A 52-year-old woman with stage IIB recurrent SCC of the cervix (unmarried), whose family and medical histories were unremarkable, underwent radical hysterectomy in June 2005. Because pelvic lymph node metastasis was detected, postoperative radiotherapy (WPEBRT at a total dose of 50.4 Gy in 28 fractions) was added. In 2010, metastatic lesions in the left lung were resected thoracoscopically. In 2011, she was diagnosed again as having left lung metastasis, for which left lower lobectomy and hilar/mediastinal lymphadenectomy were performed. After surgery, irinotecan (CPT-11) + etoposide therapy was added. In November 2012, metastasis recurred again in the left hilar region, and paclitaxel + carboplatin (TC) therapy was administered for six cycles, resulting in complete remission. In April 2013, she was diagnosed as having brain metastasis involving the left frontal lobe, for which whole brain radiotherapy (WBRT) was administered at a dose of 40 Gy in 20 fractions, resulting in complete remission. In August 2015, liver and para-aortic lymph node metastases were detected, and she was referred to our department for palliative treatment. However, because she strongly desired curative treatment, paclitaxel + cisplatin (TP) therapy was administered for nine cycles at our hospital. Subsequently, this therapy failed to induce remission and was switched to CPT-11 + cisplatin therapy. The administration of three cycles resulted in progressive disease (PD). Because she requested treatment with bevacizumab, the regimen was changed to paclitaxel at 135 mg/m 2 , cisplatin at 50 mg/m 2 , and bevacizumab at 15 mg/kg. Six cycles were administered without treatment delay or dose modification. The computed tomography (CT) images taken before treatment initiation and at the end of the third and sixth cycles are shown in Fig. 2 . At the end of the third cycle, the tumor growth rate was 5%, and the antitumor effect was determined to be stable disease (SD). Although the chemotherapy was continued, the tumor growth rate was 37% at the end of the sixth cycle, and the antitumor effect was determined to be PD. Meanwhile, SCC grew from 1.9 ng/ml before treatment initiation to 1.5 ng/ml at the end of the third cycle and 3.1 ng/ml at the end of the sixth cycle. The observed adverse events are shown in Table I . Pegfilgrastim was prophylactically administered on day 3 of each cycle. As a result, febrile neutropenia did not occur, although grade 3 neutropenia did develop. Moreover, celecoxib had been orally administered for sensory neuropathy and myalgia. When both conditions progressed to grade 2, daily oral administration of goshajinkigan (TJ107) was initiated in the fifth cycle. At present, a change in the chemotherapeutic regimen is required and we are seeking an effective treatment alternative. Written informed consent was provided by the two patients prior to publication of the present case report.
Discussion
One of the serious adverse events caused by bevacizumab is gastrointestinal perforation (GIP). In clinical studies on ovarian cancer, namely GOG 218, the International Cooperative Group for Ovarian Neoplasia (ICON) 7, and Avastin Use in Platinum-Resistant Epithelial Ovarian Cancer (AURELIA) trials, the incidences of grade 2 or higher GIP were 1.7, 1.3 and 2.2%, respectively (8-10). Meanwhile, the incidence in the GOG 240 trial was 2.3% (6). Because no evidence has been obtained, to date, proving that bevacizumab can be safely administered to Japanese patients with cervical cancer who have previously been treated with pelvic radiotherapy, we, Japanese gynecologists, hesitate to make the decision as to whether or not bevacizumab should be administered.
In our two cases, bevacizumab combination chemotherapy was initiated after we provided the patients with a sufficient explanation that the safety of bevacizumab therapy for cervical cancer has not been established in Japanese patients previously treated with radiotherapy and that the antitumor effect of bevacizumab combination chemotherapy has not been proven. For recurrent cervical cancer, TP therapy has been demonstrated to be effective (5). However, the Japan Clinical Oncology Group (JCOG) 505 trial proved that TC has not yet been proven. Therefore, for the treatment of the patients, we did not administer bevacizumab monotherapy, but instead administered a combination of paclitaxel, cisplatin and bevacizumab. We expected that another regimen would also cause severe hematotoxicity, cisplatin was selected instead of carboplatin. The dose of paclitaxel was reduced by one level to 135 mg/m 3 (3 h) in consideration of previous incidences of hematotoxicity and peripheral neuropathy due to chemotherapy. In Case 2, despite the occurrence of grade 3 neutropenia, febrile neutropenia did not develop due to prophylactic administration of pegfilgrastim. In Case 1, no granulocyte colony-stimulating factor preparations were administered. As for antiemetic drugs, palonosetron and dexamethasone were administered in Contrast-enhanced abdominal computed tomography before treatment initiation. A metastatic lesion measuring 2 cm in the longest diameter was detected in segment 2 of the liver. (E) Abdominal computed tomography after the third cycle of chemotherapy, the tumor was increased to 3 cm. (F) Abdominal computed tomography after the sixth cycle of chemotherapy, the tumor was increased to 4.5 cm. The metastatic lesion in segment 2 had grown. The tumor growth rate based on the Response Evaluation Criteria in Solid Tumors was 5% at the end of the third cycle and 37% at the end of the sixth cycle.
Case 1 as described by Takatori et al (12) , while a three-drug combination of aprepitant, palonosetron, and dexamethasone was administered in Case 2 according to the Multinational Association of Supportive Care in Cancer/European Society for Medical Oncology Antiemetic Guidelines (13) . As a result, neither grade 2 or higher nausea nor vomiting was observed. In both cases, adverse events were manageable despite the administration of six cycles of this chemotherapy. Although bevacizumab was added, adequate supportive therapy, as described above, prevented serious adverse events and allowed six cycles of bevacizumab combination chemotherapy to be administered as safely as TC or TP therapy. Because there is as yet no evidence proving that continued administration of bevacizumab alone after six cycles is effective, we completed treatment with six cycles.
The most worrisome adverse events associated with bevacizumab treatment for recurrent cervical cancer are gastrointestinal and genitourinary fistulas. In the GOG240 trial, the incidence rates of grade 2 or higher gastrointestinal fistula, GIP, and genitourinary fistula were 5.0, 2.3, and 3.6%, respectively. Despite their history of receiving radiotherapy, two patients in our study did not develop a fistula or GIP.
In Case 1, although she developed grade 2 proteinuria at the start of the second cycle, the chemotherapy was administered as planned because the urinary protein creatinine ratio was £3.5. The antitumor effect was determined to be CR in this patient. Although it was determined to be PD in Case 2 at the end of the sixth cycle, the best effect achieved was determined to be SD at the third cycle.
The radiotherapeutic procedure used in Japan is different from those used in Europe and the United States. In Japan, a midline block is used when 30 to 40 Gy of external beam radiation is administered, whereas no midline block is used in Europe or the United States. As for pelvic radiotherapy, HDR-ICBT is administered at a dose of 24 Gy in Japan, whereas low dose rate intra-cavitary brachytherapy (LDR-ICBT) is administered at a dose of 28 to 30 Gy in Europe and the United States (14, 15) . Thus, although radiation doses to the intestinal tract are lower in Japanese than in Europeans and Americans, the incidence of GIP in Japan is not necessarily lower than 2.3%, the rate observed in the GOG 240 trial, because HDR-ICBT is performed.
Furthermore, bevacizumab also reportedly increases the incidence of GIP in patients with ovarian cancer who have previously received three or more chemotherapy regimens (16) . The safety of bevacizumb with respect to GIP has not been established for patients with a history of three or more chemotherapy regimens. Currently, there is no such concern over cervical cancer. In Case 2, although she had received four regimens, the bevacizumab combination chemotherapy was initiated after she had been confirmed to not meet any of the exclusion criteria for receiving bevacizumab therapy for ovarian cancer.
In our two cases, bevacizumab combination chemotherapy was administered for six cycles without causing GIP and fistula. This indicates that TP or TC therapy combined with bevacizumab may be an effective treatment strategy for cervical cancer. To verify that bevacizumab can be administered without causing GIP and fistula in Japanese patients with cervical cancer who have been treated with radiotherapy, phase II clinical studies need to be conducted. Although the Japanese Gynecologic Oncology Group (JGOG) has designed a clinical study to assess this issue, the study has not yet been started. The JO29569 study included only three patients who had previously been treated with pelvic radiotherapy (7). Although our report presents only two cases, it is the first description of Japanese patients with recurrent cervical cancer who had been treated with radiotherapy and then received six cycles of bevacizumab combination chemotherapy, with assessment for adverse events.
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